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PREFACE 

In  :'Tesent  j  n,-;'-    fhis  work,    the  writer 
desires    ritther   to  diagnose  the   rroTolem   of 
properly  hunidifyinfc  the    air   in   livin.^-  rooms, 
than  to   offer   a   specific    appliance  "by  means   of 
which  this   can  he   accomplished-        It    is    admit- 
ted  that    the  apparatus,    as   constructed    hy  the 
writer,    for   this   rurpose  ,    is   in   itself  not 
sufficient    '"or  the   nurpose    Intended,    nor  prac-- 
tical   for   ordinary  use. 

The    suhject   matter  has    heen  divided 
into   fovir    parts   and    a  brief  sunimary.      In  Part 
One,    the    necessity  for   artificial  humidifica- 
tion  in   liTirr-    rooms    is    d.iscuBsed,    and    some    of 
the   effects   of   lack   of   sufficient  moisture    are 
shown.      In  Part    Two    are   shown   the  results    of 
tests    on  all   of  the    principal   humidifiers    on 
the  market  ,   shavinrr    that    not   one   of    them  ac- 
complishes   the  results    for   which    it  v/as    intend- 
ed.     In  Part   Three,    the   problems   entering    into 
the  humid  if  icat  ion   of   rooms    are    discussed,    ard 
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a  proTDlsra  in  fuel   economy  '^■if"  htunidif icytion 
is   worJ<ed    out.      In  Part    'our,    the    desi^-^n  of  a 
•proposed   hunid  i^'ier   is   shovrn,    its    short -coinings 
cited,    and    suggest  ions  mads    "cr    the  deoi"-n  of 
other  huraidif lers . 

The  writer  has   confined  himself  to 
the  prohlern  of   humidfying   loy  means    of   attach- 
ments  to    the   steam   radiator,   helievin-   that    a 
greater   nunher    of  liTing  rooms    are  heated    in 
this  manner  than  in   anj''   other.        He   admits    that 
the    prohlem  can  be   easily  solved,    if  constant 
care  can  he  g-iven  the   humidifier,    hut  this    is 
possible    in  very  few   instances,    and    any   appar- 
atus   to   be    entirely  satisfactory  must   be  made 
to    operate    automatically. 

The  v/riter    is    indebted    to  Prof.    G.    7. 
Oebhardt    for  many  of  the    ideas   of  desirn,    and 
to   Prof.    R.    ■'".   Perry  for   numerous   helpfi^l    sug- 
gestions   as   to  methods    of  calculations. 


-5- 


-    PART    OilE   - 

Ths   necessity/-  for   artificial 
hirmid  if  icyt  ion  of    livinr    roams 
durin-^-   the  winter  months. 


Introduction. 

It    is    comin,i^  t  o   "be   recognized  more 
and   more   "by  enginaers   and.    "'hysicians  ,    that 
the   liumidity    of    the    air   in   rooms  tes    a  great 
de'ul   to   do  \"7ith  the    problems    of   ventilation 
of  the  rooms    and    the   health  of  the    individuals 
living    in  them.      It    is  deemed   expedient    there- 
fore, to   devote   some    little  space   to    a   dis- 
cussion  of  some    of  the   needs    of   humidif  icat  ion, 
and    some  of  the   results    of   failure    to   provide 
proper  moisture    in  livin~    rooms. 
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PART   ONE. 

By  the   word    "hurnidity"    is  meant 
"moisture,"    and   in   speakin--.  of    the  humidity    of 
a   room    ,  '^re  mean   the   amount    of  moisture    in  the 
air    in  the   room.      The   actual   amount    of  moisture 
is    the   ahsolute   hujnidity,      and    the  actual  amount 
of     moisture    in   the    room,    relative   to  the   amount 
of  moisture   that    is   necessary  to    saturate    the 
air   at    the   temperature   of   the    room,    is   termed 
the    relative   humidity  of  the    room.      There    is 
quite    a   difference    of    orinion   as    to      the    proper 
amount    of  relative   humidity  that    a  room   should 
contain,    hut   it    is    generally   agreed    that    it 
should   he    somewhere   hetween  40;^    and    6Q;5.      A 
hif?h   ■■' -^rcent  a^e    of  relative   hum.idity    is    as    o"b- 
jectior^hle  a'-^;    ^    Icy^  hujiiidity.      This  will  he 
readily  admitted,   v/hen   we   think    of  the   de- 
pression  felt    on   the   hot  days   of  summer   when 
the    air  contains   much  moisture.      A  similar   feel- 
ing   is   experienced    on   entering   a    room  where 
damp  clothes   have   heen  hung   to    dry.      On   the 
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otli3r  hi-,  nd,    fell   of  us  have    noticed   the    drjniess 
of  the  air   in   some    poorly  ventilated    i^oolis   in 
the  'winter  time.      The    air  passages    in     the   nose 
■become   dry   and  parched,      and   there   is   a    feeling 
of  not   ""c-sing    ahle   to    get    air   enough.      This    is 
caused   hy   the   small   amount  of  moisture    in   the 
air.    The   lower   the    ternperature   of      the    air, 
the    less  moisture    it    •'/ill   take   to   saturate    it. 
The   tahle  helow  will    show   the   amount    of  moisture 
necessary  to    saturate  1000  cu.    ft.    of   air    at 
va  r i ous   t  emp  er-^  tu  re  s  . 

Temperature   100°  2. 85    llns  .    cu.    ft. 

"  90°  2.137  " 

"  80°  1.58  " 

"  70°  1.15'^  " 

"  60°  .823  " 

"  50°  .58  8  " 

"  40°  ,     .41 

"  30°  .278  " 

It  20°  .177  " 

"  10°  .11  " 

"  0°  .067  " 


-9- 


A  f-l^rKS   fat    this  t 'c-lole  will   ciuickly 
shov/  wh^/-   it    is    necessfary  to   noisten   ;;rt  ificially 
the  o  ir    in   our  livinr-    roomp    di^rinc   the   winter 
monfi-\s.      For    instance,   conr.ider   &ir   ht    an   out- 
side  temperature  of   20°    i".   which    is  a   fair   aver- 
a;^e   for    a  winter  day.      Referrin-;^    to   the  ta^le, 
1000  cu.    ft.    of  air   at    a   tera-:-erature    of  20° 
contains    .177    Ihs .    of  water  varor  v.^hen  saturated, 
fov  -^n   av--=.ra'-e  day,    the   air  would  ,    of   course, 
not    "be   saturated,    "but   v/ould   have    a   relative 
humidity  of    say  60/.'.      Then  6Q;'-.    of    .177   fives 
.1062    as    the   actual   amount    of  water  vapor   that 
the    air  contains    at    that   temperature.      ITow, 
consider   that   1000   cu.    ft.    of   air  are   drawn 
into   a   livinr    r.^ora,    which    is  heated  up  to  a 
temperature   of   70°    -   v:hat   happens?     According 
to  the    laws    of   EOyl .-   and  Charles: 

.    £r^  =  £2^2 
^1  ^2 

vihere, 

Pi    r   initial  ahsolute   rressure   Ihs .   j>er   so.    ft 

Vt    -    initial  volume   cu.   ft. 

T-i_    -    initial    ahsolute    temp.    deg.    fahr. 
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P^    -   fin-jl   aV'Solute   r  res  sure 
Vo    =   final  volume 
T2   -i  firic^l  t  emrerfeture 
suTostitutinf?;  values  , 

29.9   X   1    _  29.9   X  V2 

46Cr>~20  53  0 

V2    =   1.1 
That    is,    the  volume   of   hit  coning:   into    the 
room  has    increased    from  1000   cu.    ft.    to    1100 
cu.    ft.      Then,    the    amount    of  moisture   per 
1000  cu.    ft.    is    equal   to 

.1062   X   1      -    .0965   Ihs .    rer  cu.    ft. 
}Tow,    consider  the    difference    in   the 
am.ount    of  moisture   that    it   v/ill  take    to   satur- 
•  fate   1000  cu .    ft.    of   air   at    these  tv;o    tempera- 
tures.        At  20°,    lOOr^'   cu.    ft.    of    air    contain 
.177    Ihs  .    of  v/ater   vapor,    while    at    a    temxera- 
trire    of   70°,     (the   teirs:  erature    to   vr^-'ic'^    the 
air   in  the  room   "bee om.ec  heated  ,  )    it  takes    1.153 
Ihs  .    of  water   vapor   to    saturate   1000    cu.    ^t  .    of 
air.      Suppose  we  desire   to  have    the  air   in   the 
room  at    a  relative   humddity  of  50Js. ,      Then  50  o 
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of   1.153    Tives    .576    11ns.,    hB    the   weight    of   the 
moisture    in     the  air  for  the   desired  humidity. 
Eeferrinrr   ht-c 'c   to   the      amount    of   moisture    that 
we   have    in  1000  cu .    ft.    of   air   enterin,";   the 
room   from,   an    outside   temperature    of  20°,    we    see 
that    it    is   necessary  t  o   add    an   amount    of  mois- 
ture   equal   to    .576    -    .0965,    or,    .48   1>5S  .    for 
ever?'  1000   cu.    ft.    of   air   in   the   room   in  order 
to    ret    a   humidit-;-  of  50;,-    at    a   room   temperature 
of  70°. 

Tajdnc'    the  fijrures   ahove,    'A'e   find 
that    if   there    is    a'bs ^•liit  ely  no  moisture    added   to 
the    air   the  hum.idit^^   of   the    room  under   the  con- 
ditions   named    viill   'ce    .0965    _    16.9;^- 

.576 

If  air  is  taken  in  at  a  lower  tempera- 
ture than  20°,  a  .-xreater  amount  of  moisture  will 
have  to  "be  supplied  in  order  to  Toriaf^  the  air  to 
a  satisfactory  condition.  Eov/ever,  air  taken  in 
at  a  low  teirperature  and  heated  up  to  a  hi~her 
one  does  net  drop  as  lov/  as  the  theoretical  value 
obtained  aloove,  on  account  of  the  moisture  taken 
up   froFi   the    surrounding    objects    in   the  room.      The 
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moisture   is   drawn  o\it    of   the   glue  in   the   ch=;irs, 
end    even  from   the   pores    of  the  wood    itself. 
This   cfeuses   the  wood    to  warp   and   crack,    and   the 
glue    soon  "'^^cones   nothing"  hut   a  po^'der  with  ver3;' 
little   of    its    forner   adhesive   qualities.      Every- 
thJ-HP"   that    can  give  up  any     moisture    is   suhjected 
to  the  drying   influence    of   the   air.      The   walls   of 
the   room.,    the    flowers    and    the   plants,    and   even  the 
human  'body,    give  up  a   portion   of     their  moisture. 
If  v.'e    sit  in  a    room   of  very  low  humidity,    our 
skin  hegins   to    feel  dry  and   parched,      and   our 
hands   become    oha-ped,    if  such  a    condition  of   the 
air   exists    continually.      This   excessive   evapora- 
tion gives    us    a    cliily  feelin  ■,    and    the  dr^mess 
of    the   skin  irritates    the  nervous   system,   making 
us  more    susceptible  to   disease    gems.      A   lov; 
hum.idity  is    also  detrimental  to  health   on  ac- 
count   of    the  number   of  dust   particles    floating    in 
the   atm.osphere.      The  m.ore  moist vire   there   is    in 
the   air   the   less   dust    there   is;    and    the  more   d^ist, 
the  m.ore  bacteria.      Accordinf;    to  T>r -    Hill  of   the 
Chicago   bureau  of   Ventilation,      a    large    amount    of 
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dust   shows    b^d   b^ir,    tnd    the   ide^,l  condition   re- 
quires   bihsolute   freed  OH   from  dust.      ^Vith  his    new 
dust    counter,    invented    a    few  years    a,n;o,    he   is 
ahle  to    '-et    a   sample   of    the  dust    in    the  air, 
and   he    says;    "The   h^-cteria    -re   counted   Yrj  ex- 
posinp;   a   rreviously  sterilized   plate    of   '"elatine 
to   the  air    for  tv/o  minutes.      If   this  plate    is 
allov/ed   to    stand    for    a   few  days,    the   hacteria 
will     -multiply   so   rapidly  that    on   each   spot  where 
a   single   "bacterium   fell  when  the  plate  was    ex- 
posed,     a   larf^e   num"''er   or    colony  of   hacteria 
will   de'^'"elop.      These   hacteria   heinn;  visible    to 
the  naked   eye   c^-r  he   counted   quite   readily." 

Perhaps   one  of    the  most    important 
reasons    for  the   Kimid  if  icati  on   of    rooms   at    the 
present    time    is   the   saving   in   fuel  virith  high 
hum.idities.      "During    the   past    year,    on   account 
of  the    scarcity  of    coal,    the   engineer  has 
turned   his   attention   to   methods    of  saving  every 
pound    of   coal  possible,    and   of  utilizing   every 
E.t.u.    available.      Humid  ifi  cat  ion  has    received 
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its    sh&re    of   attention,    end  mhny  ^.nd   varied   are 
the  devices   put    fort>\  to   increase    the  humidity 
in   livin,^   rooms  . 

When  the  room  has    a    low   humidity, 
there  will   he,    as    shovm   in   the  preceding   pae-es, 
an   evaporation  of  moisture   from   the   liOd;-  to 
supply  the    dry  c;ir.      This   \vill   create    a  chilly'- 
fee'-in^,    and   it   v/ill   he   necessary  to  have    an 
increase   in   teinp  er^iture   to  have    a  feelin^   of 
comfort.      Certain   conditions    of   t emperat\'ire 
may  he    ideal   on   one    da-'  and   very  uncomf  ortahle 
on   another,    depending  upon  whether  the  humiditj'- 
is    hi^h  of   low.      Tor    instance,    a   day  that    seeiris 
ver;-'  close    ynd    "stuffy"   vrhen  -ve    are    down   town, 
ma;.''   hec  ome   nearly  ideal,    \7hen  we    are    rid  in"   in 
an   autcmohile    and   the    air   is    clowing   rapddl"* 
over   onr  "-lody,    evaporating   the  moisture    from 
it    and   giving  us    a   feeling  of  coolness   and   '.vell- 
heing.      The    same  principle    is    involved    in   the 
electric    fan.      Thus    it   can  he    readily'-  understood 
vrh-y   a    room  may  h?  kept    at    a    temperat'-re    of    68° 
and.    a  high  jiunidity,    and   the   inmates    feel   the 
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s^ine   degree    of    comfort    ^nd   ^"'armth  that    they 
v^ould    feel   if  the   room  were  heated   to    a   temper- 
ature   of    72°    vrith  a    lev;   hiimiditj'-.      In   very  cold 
m^eather  the   difference    of    a   fev  degrees    in   the 
t err^^ er at u re    '-at   v,'''ich    a   room  must    he   k:.^pt   means 
a   hi  5  difference    in   the   amount   of   fuel  used    in 
the    furnace,    and   v.fith   the   ^^rice   of  coal    soaring 
as    it    is,      and   the   possihility  looming;  up  of  not 
heing   ahle  to  get    it    at    an;.'-  •>rice,    a   discussion 
of  the  "rays    and  means    of   saving    fuel,      and    the 
apparatus   put    forth   to   acccm^^lish  this    saving, 
is,    perhaps,      not   irrelevant. 


-16- 


-     PART   TTO    - 

Tests    of    cipparatus  desi:;;;ned 

to    attcich  to   the  steam  radiator    and 

humidify  the  air   in  living    rooms. 
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Introduction. 

Tn  makin-r   tests    of   this  natii.re  ,    it 
is   nearl;"'  imrossitl  e   to   duplicate   a    set    of 
conditions    for   all   of  the  tests,   "but    it    i? 
rieYart]^.el333    ■^-^cei^f^^nry   to  have    a    certain   stand- 
ard  set    of    conditirns   near  v'hich   one   should 
work.      Accordingly,    for  the   city  of   Chicago, 
it    is   assumed   that   the    outside    air   should   he 
at    0"^   J.    and    the   inside    air   at   a    ten-eratu. re 
of  7  0°.      This    is   a    condition   that    is    ,.::;enerr.l- 
ly  accepted    for   this    latitude,    and    although 
the   tests,    as    i^xade,    are    not    always   under   these 
accepted   conditions,    the   data    ohtained    serve 
just   as   well   for   a   comparative  test    of  the  var- 
ious   aiDraratus. 
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PART   TWO. 
Before  workin"  upon  the   construction 
of   -diny  5;:ppc;ratus  designed    to  hunidifv  the  air, 
a    test   was  made    of  all   of    the   -i-rincipal  humid- 
ifiorr.    on  the  rnar'cet  ,    in   order  to  see    to  vrhat 
extent   the   rrohlei-n   of  humidif yin^'i;  had    already 
"been    solved.      The  humidifiers  tested   were   hought 
direct   from   the    factories   with   no   notice  having 
been  given   the  manufactures   that    any  test   vras 
to    oe  mad-;,    and    the    apparatus,    as   tested,    v/as 
identically  the    same   as    that    on   sale   at    anj^   of 
the   department    stores    in    the   city.      Th'3    fc\xr 
different    kinds    that   were   tested    are: 

Save, 

Bareka   Blotter   Bath, 

Buddington, 

Flohun. 
Tn  makin-   the  tests    a  radiator   of 
the   style*  showr.   on   the    next    page  was   used. 
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Type   of  proposed  liumiclif  ier , 


T]:ir    is    h  r^sd iator  made   "by   the  Aner- 
icnn  Kcidi^tcr  Co'mph-ny,    !ii;Yir!,:;  10    ooils,    a   ligi~ht 
of   1-1/2    fset,    ard    l-l/p.   sq.    feet   of    radiator 
surface.      The    first   tests  v-z-ere  made   In   the   J^uel 
Laoorat  ory  of   the   Armour  Institute   of   Teclmology. 
Ths   room  was   20'xlS'xlO',    gi-\rLn.~    a   vcluine    of 
3600    cu .    ft.      Lov;  ;;nr'3ssure    steam  v/aB    uf;ed   direct 
from  the    return  line   of   the    Institute   heating    sys- 
tem,   and    a   pressure   of   from  2   to   5    1  c? .   v/as   jnr-.in- 
tain-^d  tl-iToughout   the   test.      This    is   c^nerally 
the  pressure    in  most    of   the  radiators,  vhen  ex- 
haust  steam  is   used   for   heating  purposes. 

The   oTo.ject    of  the  test  vi'as   to   determine 
the   amount    of  water    evaporated  per  hour,    per 
square    foot    of   radiator   heating-    surface,    c.nd    als  0 
TO   ,;it    a  record    of    the   increase   in  the   relative 
hi;imidity   in  the    room  due    to  this   evaporation  of 
moisture-        The   room  was   kept    at    as    even    a  temper- 
ature  as    y>ossi"ble  hy  window  ventilation  near    the 
ceilin.-,    and    the   condensed    steam  pips    I'ron   the 
radiator  was    run   to   the    sewer   through    a  drain   in 
the  floor.      In  order   that    none    of   the   steam  from 
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the  drain  pipe  would  "oe    evaporated    into    the   air 
Toeing  tested,    a   round   v/ooden   clock:  was  made   to 
fit   tightly  in   the  drain,    and   the  drain  pipe   run 
through  a  hole   in   the  wood.      Everything  was  made 
a   snug  fit,    so   that    there  was   n^''   leakage.      CzTidi- 
ti  ens    e,e'2)ri3d  to    be  ah  out   perfect    for    an  ideal    test, 
hut    at   times    it    was    found  that    stearn  from  the 
engine    room  affected   the  air    in    the  testing  room, 
and    that    it    was    impossible   to   keep   it    out.      Tor 
tMs    reason   the   humidifiers  7/Juld   he   given  crtsdit 
for  evyporating  .iiore  water   than  they  actually 
evaporated  ,    and    the   test    v^ould  not    show  the   exact 
capatilit','-  of   the   apparatus   to  huraidifj  the   air, 
although  the  comparison  "between  the  different    kinds 
of   apparatus  might   he   just    as   good.      The  Fuel  Lab- 
oratory was    in  use   a   great    deal  of   the   time   for 
other   experiments,    and    the  conditions   t"ere   often 
disturbed.      5 or   th'r-se   rsasons,    the   t^sl".    room  was 
cZnanged    aft:''-    the  first   few   tests. 

Following  the   picture   of   the  Flobun 
Humidifier,    shown  on   the  next   page,    is   the  test 
made   of    it  . 
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TEST    01   A   FLOBUIT  PIUI-.TirTJlER 
DEGJMBER  2Sth  1917. 


Time     Tamperattiras        Relative   Stetm  Outside 

Dry  Wet  Diff .      Htunidity  Pressure      Tempera- 
ture 


12  M 

64 

59 

5 

75 

5 

12 

1  PIT 

76 

65 

11 

56 

5 

11 

2.00 

7  5 

64 

11 

55 

5 

10 

3.00 

78 

63 

15 

43 

4 

10- 

3.30 

7  9 

64 

15 

44 

5 

10 

4.00 

75 

6-L 

14 

44 

5 

8 

4.30 

74 

61 

13 

47 

5 

8 

5.00 

75 

61 

14 

44 

5 

7 

5  .30 

74 

52 

12 

47 

5 

7 

6.00 

76 

62 

14 

45 

5 

6 

Wat  a: 

r  ev 

aporat 

ed 

1.554  Its 

Wi;tei 

r  ST 

apor; 

.t 

ed 

per  hour 

.25  9  lbs 

Water   evaporated   rer   hour 

per   sq.    ft.    radiator   surface      .17   ITds 
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TEST   OJ   A   ILOBU^I  HUMTDIJIim. 
Januar;-^  3rd ,    1918. 


Time   Tei-nr-'arature        Rela-     Room     Outside   Strain 
Dry" Wet  Diff .    tive        Temp-  Temper-  Press- 
K-omid-   era-        at^are        ure 
ity        ture 


10 
11 
11 
12 
12 
1 
1 


30   80  64  15  41  82°  27°  5 

00   65  53  12  44  70  27  6 

30    69  55  14  40  72  28  6 

00   69  56  13  44  70.5  28  6 

30   70  58  12  48  71  26  5 

00  76  62  14  45  73  26  5 

30    66  53  13  41  70  25  4.5 

00   74  60  14  44  74  23  6.5 

30   75  6  0  15  •■:!  76  23  6.5 

00   76  60  16  r>3  77  21  6.5 

30    69  54  15  36  70.5  21  6 

00   68  54  14  .i9  70  21  6 

3  0   67  54  13  42  70  2  0  4.5 

00  65  52  13  '':0  68  20  4 

30   65  53  13  40  68  19  4 

•0   65  52  13  40  69  18  4.5 


Water   evavorated  2.546   l"bs 

Water    evaporated    -er  hour  3.39   l^bs 

Water   evaporated    ter   hour 
per   sq.    ft.    radiator    surface    .113   ITos 
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Tii3   Euddin^ton  irunidifier   is  narra- 
factrired   'oy  the  Reid-Geisler  ^''anuf -scturinr"   Co., 
Chicago,    111.,      and    is  designed    to  fit    on  top 
of   the   radiator,   'oeing    fastened    in  position 
"by  wires   running   under   the  radiator    coils.      Tt 
consists    of   a   pan  of   the    form  shown  in   the 
^ictu.re    on  the  foilcv;inj  page.      W'cics    are 
soaked  v/ith  water  and   are  hung   over  the   wings, 
as    indicated,   with   one   erjd    in  the  water.      The 
warm  air  from  the  radiator,   passing  up   through 
the   vents    in   the  wings,    produces  the    evapora- 
tion. 
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TEST    OF   BUDDTNGTOII  KUl-IIDiriEE. 
January  26th,    1918. 


Time        Temperatures  rvela- 

Dry     Wet  Diff.    tive 

xiunic 
itv 


Room     Outside        Steam 

Ten-      Temper-  Pressure 

T)era-      atiire  In-   Out- 

ture  let    let 


9 

00 

69 

59 

10 

55 

9 

15 

70 

60 

10 

56 

9 

30 

70.5    60.25 

10.25 

56 

9 

45 

73 

63 

10 

58 

10 

00 

73 

62 

11 

54 

10 

15 

73 

62 

11 

54 

10 

30 

73 

62 

11 

54 

10 

45 

68 

58 

10 

55 

11 

00 

68 

57 

11 

51 

11 

15 

67 

57 

10 

54 

11 

30 

67 

54 

13 

41 

11 

45 

68 

55 

13 

43 

12 

00 

63 

56 

12 

47 

12 

15 

68 

55 

13 

43 

12 

30 

68 

55 

13 

43 

12 

45 

67 

55 

12 

45 

1 

00 

67 

54 

13 

42 

1 

15 

67 

55 

12 

46 

1 

3  0 

68 

55 

13 

43 

1 

45 

69 

56 

13 

44 

2 

00 

69 

56 

13 

44 

2 

15 

68 

55 

13 

43 

2 

30 

68 

54 

14 

39 

2 

45 

67 

55 

12 

46 

3 

00 

67 

55 

12 

46 

V/atsr   evaporated 
Water   evaporated    per  hour 
Water   evaporated   per  hour   per 
sq.    ft.    radiator  surface 


70° 

9° 

30 

5 

73 

9 

30 

5 

73 

9 

30 

5 

75 

10 

42 

10 

75 

11 

42 

8 

76 

11 

42 

5 

76 

11 

42 

5 

74 

12 

55 

5 

73 

12 

38 

5 

70 

13 

45 

5 

70 

13 

45 

5 

72 

14 

45 

5 

72 

14 

45 

5 

72 

15 

45 

5 

71 

14 

45 

5 

72 

14 

44 

5 

73 

13 

46 

6 

73 

13 

48 

6 

72 

13 

50 

7 

71 

13 

5  0 

6 

70 

12 

50 

5 

70 

11 

50 

5 

71 

11 

50 

5 

72 

11 

50 

5 

72 

11 

5  0 

5 

3 

.84  lbs 

ir 

.64   Ihs 

ir   per 

e 

.21   lbs 
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The  Eureka  Blotter  Bath  Humidifier 
was   tested   out   under   a   little  different    con- 
dition.     In  this   case   the   room  v/as   29-l/2'x 
16-l/2'xll-l/2' ,    givinr^    a  volume   of  5589   cu. 
ft.      This   room   is    located    in   the   southeast    cor- 
ner   of    the  haseraent    of   MacMnery  Hall,    j^nd   is 
the   room  formerly  used   as    the   office   of   the 
Mechanical  Department.      High  pressure    ote;^-m 
v/as   uiivd    in   :;hi-.   c--.!.;.i,    ^nd    the    pressure  V'.'as 
reduced   to  that    of  the   ordinarj;-  radiator  hy 
two  valves.      A  ]:ressure  gauge  v;as    placed    "oe- 
tv^een  the   t-.vo  valves,    and   one   on   the    radiator 
near  the  point   where  the  condensed   steam  left. 
Both  valves  vrere   just    cracked    off   their   seats 
enough   to   gi^e    a  pressure   of    about   oihs .    in 
the   radiator. 

This  humidifier    is   of   the  form  shovm 
on- page   31    -.■d    is   suspended   ''nj  hooks,    so  that 
it    rests   alone;    the    side    of  the    radiator.      It 
consists  merely  of   a    sort    of   soap  stone   sup- 
ported   in    a  can  of  v/ater.      The    stone   extends 
ahove  the  top   of  the  v/ater  level    in   the   tarxk, 
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ani   the  water   is   drawn  up    in     the   soft    ston'^, 
in   the    sanie  manner    that    it    is    ahsorhed   "by   a 
sponge.      This    gives    a   larger   evaporative   sur- 
face  than   -vould   Toe    olotained   hy   the  tank  of 
water   alone.      The    radiator  used    in   this   case 
was   of   the   follovrinp:  dimensions:    2 '5"   hreadth, 
2 '10"   heii^hth,    7-l/2'    -idth,   made    ^y  the   /^er- 
ican  Radiator   Company   and  having  3    sq.    ft.    of 
heating    surface. 
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TEST    or  EUREKA   BLOTTER   EATH  HUluTRirlER, 
Estrui-.ry  2nd,    1918. 


Time  Tempsr^tures     Rela-      Steam     Stec^ra     Ayot-        Outside 
T^rzr  Wet  I>iff .    tive        Press-  Press-     age  Temy^er- 

Hiunid-     lire  ure       Rocm  ature 

ity  Inlet      Ovitlet  Temper- 

ature 


8 

:15 

66 

50 

16 

29 

80 

8 

:30 

65 

48 

17 

25 

60 

8 

:45 

63 

47 

16 

26 

60 

9 

00 

64 

48 

16 

27 

65 

9 

15 

63 

47 

16 

26 

50 

9 

30 

63 

47 

16 

26 

44 

9 

45 

65 

47 

18 

21 

63 

10 

.00 

65 

47 

18 

21 

58 

10 

15 

66 

48 

18 

22 

62 

10 

3  0 

66 

48 

18 

22 

6  0 

10 

:45 

€6 

48 

18 

22 

60 

11 

00 

67 

49 

18 

23 

65 

11 

15 

67 

49 

18 

23 

55 

11 

■30 

67 

49 

18 

23 

54 

11 

45 

66 

47 

19 

18 

50 

12 

00 

CC 

47 

19 

18 

50 

12 

15 

U  1 

47 

19 

20 

52 

12 

3  0 

57 

48 

19 

20 

50 

12 

45 

S7 

48 

19 

20 

50 

1 

00 

67 

48 

19 

20 

48 

1 

15 

66 

47 

19 

18 

48 

1 

30 

65 

48 

17 

21 

50 

]_ 

45 

66 

47 

19 

18 

54 

2 

00 

65 

47 

18 

21 

54 

2 

15 

65 

47 

18 

21 

54 

2: 

30 

65 

47 

18 

21 

56 

2 

45 

65 

47 

18 

21 

56 

3. 

00 

64 

4^' 

16 

27 

55 

3: 

30 

64 

48 

16 

27 

55 

3: 

45 

63 

48 

15 

30 

55 

4: 

00 

54 

49 

15 

31 

55 

4: 

15 

65 

49 

16 

28 

56 

4: 

30 

65 

49 

16 

21 

56 

4: 

45 

66 

49 

17 

26 

58 

5: 

00 

66 

49 

17 

26 

58 

5: 

15 

66 

49 

17 

26 

58 

Water   evaporated 
V.'ater   evaporated    per  hour 
Water   evaporated   per  hour  per 
sq.    ft.    radiator  surface 


5 

68 

6 

5 

70 

6 

5 

70 

6 

5 

70 

6 

7 

71 

7 

5 

71 

8 

10 

71 

9 

4 

71 

9 

8 

71 

10 

4 

72 

11 

4.5 

72 

12 

5 

72 

12 

3 

72 

12 

10 

69 

12 

5 

69 

14 

5 

69 

14 

4 

69 

14 

4 

70 

13 

5 

70 

13 

5 

70 

13 

6 

70 

13 

6 

70 

13 

7 

70 

12 

7 

71 

12 

6 

71 

12 

5 

71 

11 

5 

70 

11 

:.•) 

70 

10 

5 

70 

10 

o 

70 

9 

S 

69 

9 

5 

69 

8 

6 

69 

7 

5 

69 

6 

5 

6^. 

6 

5 

69 

6 

2.366 

lbs 

.2629 

lbs 

.0876 

lbs 

The  next  test  was    run   on   the  Savo 
Humidifier,    under  the  sane   conditicns   that 
v;ere   a;'-;-lied   to  the   'Eurek.a   Blotter  Bath.      Th3 
Savo   Air  Moistener  is   shown  on  the   following 
page,    and    is  manufactured   hy  the  Savo  Manuf ac- • 
turing  Co.,    Chicago,    111.      The   style    tested   out 
in  this    case   was   their  style   ^^o.    1,   v/hic  h  is 
14    in.    high  and  12-l/2    in.    v;ide.      It    consists 
merely  of  a   can  of   vrater    supported    along    the 
side    of  txi^    --adiator.      The    inner   side    is  made 
in  a    triangular    shape    in   order  to  get    a  larger 
contact   surface,    and   aside   from  this    feature, 
it   differs    in  no  way   from,  an  ordinar;-  can  of 
■water  hung   along  the   side   of  the   radiator. 
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Sfcvo   Air  Moist ener^ 
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TEST   OF  SAVO   HmiTDIFIER. 
Mjirch  .-9tri,    1918. 


Time      Temperature        Rela-     Roorr.     Steam     Outside 
Dr;;-  Wet   Diff.    tive        Tern:-  Press"    Temper- 


8:30  68  52  16 

9.30  71  54  17 

10:30  71  54  17 

li:30  71  54  17 

12:30  74  55  19 

1:30  72  53  19 

2:30  72  53  19 

3:30  73  54  19 

4:30  72  54  18 

5:30  72  54  18 


Water   eyaporated  1.81S  l>s . 

Water    eva^'orated   per   hour  .202  ITos. 

Water   evaporated   per  iaour  per 

sq.    ft.    of   radiator    surface      .067  llns . 


LXimid- 

-   era- 

ure 

at  ure 

ity 

31 

71° 

5 

38° 

50 

72 

5 

38 

50 

73 

5 

39 

30 

72 

5 

40 

27 

74 

5 

41 

27 

72 

5 

41 

25 

72 

5 

40 

26 

73 

5 

40 

28 

72 

5 

38 

28 

71 

5 

38 
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I  1. 1 


The   results    of    the    four  different    tests 

show  thit    of  the    four  Iiunidifiers   tested   the 

Suddin^ton  gives   the  gret^test    boiiount    of   eYapor- 

ation  per   hour  per   so.    ft.    of  radiator   surface. 

The   different    anounts    are    shown  "below: 

Humidifier  Ihs .   water  per  hr. 

per   sq.    ft.    rad. 
surface 

Bufdington  .21 

Flohun   -   1st    test  .113 

2nd      "  .17 

Eureka   Blotter   Eath  .087  5 

SfcYo  .  .067 

However,    a   glance    at    the  test    sheets 
shows   that    the   amount    of  moisture    evaporated 
did  not   cause   an  increase    in  the   relative   hujnid- 
ity  of   the   room,    as    recorded   by   the   psychrometer . 
In  many  cases    there  v.-as    an  apparent    decrease    in 
the  humidity.      In  general,      the   tests    showed   that 
as    far   as   humidifying    the  air  in   the    rooms  was 
concerned,    all   of  the    apparatus  tested   v/as  prac- 
tically worthless.      In  Ptrt   Jour    the  v/riter  v/ill 
shov;  that    the   amount    of  wtter   evaporated   hy    anj'- 
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of  them  was    far   short    of   the     fernount    necessary 
to    raise   the  hiuniditv  of   the  room  to   the  desired 
percentage. 

Er.    E.    "?.    Lyon   of  the  University  of 
Minnesota  made   some   experiments    dviring    the  year 
19i6    on   three   different    humidifiers:      the  Budding- 
ton,    the  Ilohun  and   the   Savo.      His    results   very 
a   little    from  thos-  obtained   in   the  tests    as 
shown   ahove,   "but   lead    to    the   same  conclusion: 
that    the   apparatus    is   r-rossly  inadequate    for  the 
purpose    intended.      The    results    of  his   tests    are 
shown  ■faelovv-.      It   v/ill   be    noticed   that    he  has 
given  the    am.ount    of   evaporation   for   each  of  the 
humidifiers    for    24   hours    for    each  horizontal   foot 
of  radiator   surface   occupied    by   the   apparatus: 

Buddington  1116   grams    (zero  weather) 

riohun  1248        "  " 

Savo  230        "  » 

In  his  report  of  the  tests  he  says;  "Fo 
noticeable  increase  in  the  humidity  was  obtained, 
using    a    sling  psychrom.eter  for  the   determination." 

In  a    recent    test    in   a   Public   School 
room,    it  was    found   that    the   average    evaporation 
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of  moisture  from  one  person    (lungs    and   skin) 
vi/as   2    oz .    per  hour.      Comparing   tliis   amount 
with,  the    aLTDunu  which  we    found,   "by   test    vvas 
evaporated    by   the  humidifiers,   we   find  very 
little   difference.      The    evarjoration  of    the 
hujnidifi  ers ,   when    reduced   to   ounces   ;er  hour, 
reveals   the  fact    that    tv/o    or    three  people    in 
a   room  humidify   the    air  as   imich   as    an;/  of  the 
patent    apparatus   on    the  market . 

Other   experim.snts ,    according   to   Kard- 
infi   &  ^^'/illard,    give   the  follovring   as    the  amounts 
of  vapor  given  off: 

Man  at  work  .267    los .    per  hour 

Ilan  at    rest  .155      "  "        " 

Youth  .083      "  "         " 

Infant  .029      "  "        " 
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-  PART   THEEE   - 

Discussion  of  tloe   problems    involved 
in  liumidif ying  living   rooms. 
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Introduction. 

In  the  follov.'in.:^  few  pages,  tbs  v/riter 
hfes    endeavored    to    show   ■-...  method   for   deter- 
mining  the  gain   or   loss    in  heat   units    through 
the  humidif ication  of   the   air  in  living    rooms. 
There   is    some    dou'bt    in   the  minds    of     many  Heat- 
ing and  Ventilating    experts,    as    to  whether 
there    is    any  real    econom;'-  of   fuel  through 
h-umidif ication,    and   in   order   to   ascertain 
this    economy',    and    also      to    determine   the   cor- 
rect  amount    of  v/ater  necessary  to   eTa-oi'ate 
to  humidify  properly,    the  following  method   was 
drav/n  up. 
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PART    THREE. 
In  calculating   the   amount   of  •'••ater 
that  must   "be   added  to    a  room  in  order  properly 
to  humidify  it,    it    is   necessary  to  knov/,    first, 
the   relative  humidity  of   the   air   drawn  into   the 
room,    and   second,    the   relative  hianidity  at  v;hich 
we   desire     to  have   the   room..      I'or   our   case,   vre 
v/ill   take  an  average  condition   of   70^  relative 
humidity  for  the   air  "being  drawn  into   the   room, 
and  we  will  take   the   conditions,   as    to   temper- 
ature,   the   same    as    in  the  previoijs  cases,    viz., 
0"   r.  outside   and   70°   I.  inside.      By  a    long    ser- 
ies   of   tests    at    the   Chicago  ITormal  College,   the 
Chicago  Commission  on  Ventilation  drevr  up  the 
Chart    shov/n  on  the    following  page.      In   this 
chart    the;,'"   est  abolished  what    they  termed   "a  zone 
of   comfort,"    or,    in  other  v-ords,    a   series    of 
conditions   under  vv'hich  the  people   in  a   room  ex- 
perienced  a    feeling   of  comfort.      By  taking   a  lock 

at  this   chart,    we   find   that    for   a   temperature   of 

a 
70*'7relative  humidity  of  36^   is  designated.      This 

is  somev>/hat   lower  than  that    given  Toy  most    auth- 
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orities,      and   is  lower   than  tlie  50/a   humidity 
tliat   v;e   have  heretofore   assumed    as   necessarj''. 
Nevertheless,    hy  using    either   of    the   percentr 
given,    the   araount    of  v/ater   to    oe    evaporated 
is   far   in  excess    of    that    actua?uly  evaporated 
■>jy  ■;,ny  of    the  humidifiers  tested. 

Air  -at  70°    temperature,   v/hen  saturat- 
ed,   contains    .001153   l^bs.    of  moisture   "■  er   cu.    ft. 

at   50X  saturation  .000576   Ihs  . 

at    06^  "  .000417      " 

Air  taken  in  at  0°  S .  contains  .000067  l^os .  cf 
moisture  per  cu.  ft.  At  IQffo  relative  humidity 
the   amount    of  moisture   is    .0000469. 

.0005  69   -    .0000469   =    .00053   lbs.    per   cu.    ft. 

.000417      -.0000461    =    .0003  7   Ihs.    per   Cu.    ft. 
This    is    the   amount    of  moisture    in  lbs. 
that  must   he   evaporated    in   the    room  for   ever;'-  cu. 
ft.    of   air  that    is    brought   into    the    room.   .   As- 
suming   as   v/e   did    a  volume   of  2000  cu.    ft.    for   the 
room,    and    one   ch-.ng;;    of   air  jer  hour,    we  have: 

2000  X    .00053    =  1.06   lbs.    per  hour 

2000  X   .00037    =      .74   lbs.    -oev   hdar 
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Jor   24   hours   ths  amount    necessary  is 

24   X   1.05    »  25.44   l":os .    per   day 

24  X      .74   -  17.80   Ics.   per  day. 

One  gallon   of  vratsr  weighs    arprojcima  tely  S-l/3 

l"os.    so    that    the  number   of  gallons   per  da.y   is 

eqiial   to 

25  .  44   =3.06  sailors 
3.33 

17. SO   =  2.2      gallons 
S.oo 

This   amount,    as  v.-ill    te   noted,    is 
far  Toeyond    the  capacity  of   any  humidifier  test- 
ed.     In  considering  the  matter   of   fuel   economy, 
there  are  nan;,'-  factors  that    must    Toe  tal<:en  into 
consideration,    and    they   are   different    in  nearly 
every  case.      Jor    instance;,   th-i    coefficient    of 
heat   transmission  will   differ  according  to   the 
nature    of  the  v/all,    and   according    to    the  pro- 
portions  of  v/indov;   surfi;ce  ani  wall   surface. 
It  i.vill   also  vary  according   to  the  position    of 
the   room  in   question;    that    is,  whether  it    is 
sihurated,    for   instance,    on   the   north  side    of   a 
Txiilding   where    it    will  get    the   direct   wind  from 
the    north,    or   in  a    sheltered  position  where  the 
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room     v/ill  Td9  he  fated  nucli  easier.      Therefore, 
as  iDefore,    it    is   necessar;/-  to   tyice   aTerage   con- 
ditions  and   average   coefficients.      In  the    chart 
of  the   Chicago  Ventil?;ting   GoiTimiss  ion,   mention- 
ed  ahcve,    th=;    line    of   the  !feona    of    comfort"  extends 
through  a  point    of    a   temperature   of    65°    v/ith  a 
humid it7  of  56>.      Taking  then,    a   condition  of   air 
dra-v/n  into    a  room  of  volume   of  2000  cu.    ft.    from 
an   OLitside   temperature    of   0°    F.    ani   heated  up 
to   a   temp  .'.rata  re   of  70°   without    i:ioisture   be- 
ins:   added    by  artificial   means,    and   comparing 
the  amount    of   heat    necessary  to    raise      the 
temperature    of    the   room  to    the  desired    amount, 
with   that   necessary  to   raise   the   temperature 
of        the    room  to   65°,    \Tith   a   relative  himldi t  ^;^ 
of  56/b,    tlie  result    v/ili  give    the    economy  in 
fuel   occasioned   by  the  humidif ication. 

In  figiu-ing    the  heat   lost   through 
bhevrall,    the  rule   laid   down  by   Carpenter   in 
his   "Heating  &  Ventilation"   was  used,    viz.; 
H  =    (G  -»-  1/4  ¥  +  0.02     V)(  +  -,_t9) 
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where,      H  -  E.t.u.    psr  hour 

G    s  Glass   surface    in  sq.    ft. 

W  a  ICet    iixposad  v.'-^ll    surface   in  sq.    ft. 

V  «  Volu.me   air  supplied  :';er  hovir 

tos  temp,    air  entering 

tn_r   temp,    air  leaving 

Assumir^    a   total   outside  wall   surface   of  150 

sq.    ft.,    of  W'/iich  lOO   sq.    ft.    is  v:all    surface 

ard   the   remaining   50    sq.    ft.    window   surface, 

the  heat   lost    07  radiation  through  the  wall   is 

E-    (aO^-lO£     +-     0.02   X  2000)  (70-0) 
4 
=   3740  B.t.u.    per  hour. 

Again   assumin;^  a    complete   change   of    air  in  the 
room  per  hour,    the  heat  necessar;/-  to  raise   the 
temperature   of   the   air  from  0°   to   70°    is  deter- 
mined  1:7  the    equation 

K  r  £1  X  c-^Cti-to) 

RT 


v/here, 


H  -  B.t.u.    per  hour 

R   =  Constant    (53 .3) 

T   -   Absolute    temp,    of  the   room 

t2    r   temp,    air  entering   room 
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t-[_   z  roora  temp. 

Substituting  values    in   t'li,?.    equation 

H  =   14.7   X   144^x   2000  x    .24(70-0) 
"■  53. 3(^50"  ^  70) 

-  25:  0  B.t.a.   per  hour. 

The  toti;l    emount    of   heat    necessary  to  heat    the 

room  to    70°   vrithout   hunidif icat ion  then  is 

8740  +  2520   -   11260   E.t.u. 

.f>Iov,',    consider  J.n,-;    air  drav/n   in  at    0°, 

haat'id  up  to   a   xenr-jerature   of   65°    and   humidified 

to  5  6,5i,    vie    find,   hy  using    the   sanie    fonnula  "6 hat 

we   used   "before,    that   the  heat    lost   "by  radiation 

t hro ug h  tine   wal Is    is 

K   =    (60  -h  100   ^-0.02   X  2000)  (65-0) 

4 
=   8125   B.t.u.    per  hour. 

The   heat   reo^uired    for  ventilation   is 

^-   =   14.7   X  144 _x  200q_x    .24(65-0) 
"'53.3T460-65T      " 

sr  235c    B.t.u.    per  hour. 

In       addition  to    the  tv/o   items    ahove 
vje  have   the   heat   used    to   humidify  the   air   at 
the  temperature   of  65°.      This    amount  of  heat 
will   he  the   latent   heat   of    evaporation  of   the 
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water   at   the    temperature   at    v-;hicli   it    passes 
into    steain.      Wlie n  Vv'at ar   is   firct    jit    into  the 
htuiidif  ier ,    there  will   "be    some   heat    expended 
in   raising   the  water  up   to   the  point    wliere 
evaporation  takes   place,   hut   after   this  point 
is   reached      there  Till   "be   practically  a   con- 
stant   amount    of   heat    necessarv  to    eyaporate 
the  water.      The  v/ater  put   into    the  humidifier 
v'ovild  prooahly  he    at    the   temperature    of  the 
room  and   the    ainount    of   heat   nacessar;'  tc   rc.isa 
1 ':   to      the   tenperature   of  evaporation   is  insig- 
nificant.     Prom    a  numher    of    actual   experiments 
with   the   different   humidifiers  under  ordinary 
pressures,    it  was    found   that    the    average   temp- 
erature  at   Vv'hich  the  vapor   goes   off   is   95°   I". 
Th^  lat.vat   ha^t    of    evaporation  at   95°    is  1038.4 
E.t.u.    per   Ih.    of  water.      Then  the  total   amount 
of  heat    necessary  to  maintain  the   conditions    of 
65°    temperature    and  humidity  56/o    is 

8125    -h  2355  -f-(l038.4  x    .74)    -  11258  E.t.u.   per 

hour 
In  the  ahove   formula   the    .74   lbs.    of 

v;ater  was   used  as   the  correct    ainount    of  water 
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to  "De    evaporated    •■er  hour.      Tl-.is    traoi;jit  •^'i-.y   de- 
vlTed  from  '.he   proportions    of  temperature   and 
humidity  given  in  Br.   Kill's   Comfort    Zone  Chart 
mentioned  before.      ^'!e  found,   hov/ever  ,   that    to 
heat  the   room     from  zero    outside   to  7  0°    inside 
required  the   expenditure    of   11260  B.t.u.    per 
hour.      This  shov,7  3  that   there    is    practically  no 
loss    or  gain  through  htunidif icat ion,    the  amounts 
being    nearly     the   same.      H07;ever ,    air  drt:v/n   in 
at   zero    and  lieated  up   to  70°  will  not    have   the 
necessary  36/o   relative  huxnidity,   v;hich  v;as   a 
condition  of    this   temperature  being   placed    in 
the   "zone    of   comfort."      The  actual  relative   homid- 
it>-  v.'ould   he   far  helov;  3 6/0,    and   if  anough  mois- 
tv.v3  v.'as    added   to   th3   air   at   this    temperature, 
throus/"  the   evaporation   of  v/ater,      the  heat    thus 
required  must  be    added    to  the    amount    necessary 
to  bring    the   room  up  to  70°,    and   this  v/ill    shov/ 
a  gain   on      the   side    of  the  humidif ication  at   65°. 

The  actual  comparison,  ho .vever ,  should 
be  made  between  a  recognized  comfortable  temper- 
ature   (not    considering  v;hether   at    this  tem-oer- 


aturs  the  air  has   the  correct   amount    of  moisture,) 
and    a   temperature   \"ith   a   certain  htunidity.      On 
this   basis,    70°  was   taken  as    a   ccmfortalDle  tem.p- 
erature ,    and   65°   with   a  relative   humidit":  of  5  6^^ 
was  taken  as    the  desired   condition.      B-r  tho  i/iethod 
shov/n  in  t'lie   ^fi-eTioua    pages,    the   amount   of  heat 
necessary   to    'brin-  the    air  up  to    the  desired   con- 
dition v/as   calculated    as    sho'wn  on  page  52.      Ey  con- 
siderinr   the   air   at   various   temperat\ires  ,   vie    can  . 
determine  the   point    at    which   it    is    economical    to 
humidif:/.      J':"om  the   data   on   the   following  page,    it 
will  be   seen  that   there    is  a  loss    in  heat   units   by 
huuiiid  ifyinn;  when  the    air  is  at    an  outside   temper- 
ature  of  frbm  0°   up   to  20°.      From  a   temperature   of 
30°   up,    there   is    an  increasing   gain   in  economy''. 
From  the  data   of  page   54   a   curve  luay   be   dra.v.':i,    as   in- 
dicated   on  page  55,    shoviring    the    economy.      It  must    be 
noted   that   this    curve  holds    for   the  rocn.   in   question 
alone,    and    for  every  room  under    consideration,    in 
order   to   obtain   coii'tct    r-esults,    it    is   necessary 
first    tc   find   the   correct   coefficient    of  heat    trans- 
mission  through  the  walls.      This  coefficient    will 
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B.T.TJ.    iOlCEGSAEY  TO    PKOFERLY  HmnrTFY  AT    65° 
FliOM  V7\KI0US    OUTSII^E   TMrPERATUKES . 


Outside      Its/cu.ft.    llDs/cu.ft.   Differ-  Moisture        B.T.II.to 
Tempera- 
ture 


0 
10 
20 
30 
35 
40 
45 
50 


moisture 
70^'  H 

moisture 
553  T 
56>  H 

ence 
per 
cu . ft . 

nee  ess ar^- 
2000  cu.ft. 

evapor- 
ate 

.0000469 

.000542 

.0004  95 

.99 

1028 

.0000768 

11 

.000465 

.93 

965 

.000124 

It 

.00041P 

.836 

868 

.000132 

rt 

.000.-5  60 

.72 

747 

.000248 

It 

.0002  94 

.5  SB 

610 

.000287 

ti 

.000255 

.510 

530 

.0003  44 

II 

.000198 

.39 

405 

.000410 

II 

.000132 

.264 

274 
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B.T.U.    FECESS.4EY  FOR  HSATIKG   TO    65° 
WITH  HUT.anilTCATIOS'. 

B.T.U.    ver  hour 


Temper- 
ature 

Radia- 
tion 

Ventila- 
tion 

Humid if i - 
c fat ion 

Total 

0 

6125 

2355 

1028 

11508 

10 

6875 

1995 

965 

9855 

20 

5625 

1635 

868 

8128 

50 

-  4370 

1291 

747 

6408 

55 

5750 

1090 

610 

5450 

40 

3150 

907 

550 

4507 

45 

2500 

726 

405 

3631 

50 

1875 

544 

274 

2693 

-52- 


B.T.IT.    ITT5CESSAHY  FOP.   HEATING   TO  70° 
WITH  VARIOUS    OUTSIDE  TEECPERATUEES. 

B.T.U.    par  hour 

Radiation  Ventilation  Total 

2320  10445 

2155  9655 

1795  8045 

1439  6439 

1260  5630 

1070  4820 

900  4030 

720  3220 


Tempera- 
ture 

Radiat 

0 

8125 

10 

7500 

20 

6250 

30 

5000 

35 

4370 

40 

3750 

45 

3130 

50 

2500 

B.T.U.  LOSS  OR  GAIN 
THRU  HblODIFICATIOX. 


Outside   Total  B.T.U.  Total  B.T.U.  Loss   Gain 
Tempera-   without        v/ith 
ture   Humidifica-  Eunidifica- 


tier. 

tiori 

0 

10445 

11508 

1063 

10 

9655 

9835 

280 

20 

8045 

8128 

83 

30 

6439 

6408 

31 

35 

5630 

5450 

180 

40 

4820 

4507 

313 

45 

4030 

3631 

399 

50 

3220 

2693 

527 
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also   vary  vrith.  the  Yrind,    etc.,    as   -^  rev  ioii  sly- 
mentioned  •      Eo^vever,       the   ciirre    shov/n   on  page 
55    gives      the    economy  of  the    average   room,    and 
its   general   form  is    that    of    all    curves    shov/ing 
fiiel  economy. 
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-  P/JIT  rouR  - 


design  of  a 
proposed  humidifier, 
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Intrcduct  io  n. 

Jrom.  the  taloles    shw/n  in  Part   Three 
it    is  seen  that    the   loss   or  gain  through  hu:uxid- 
ification  is   largely  deterniined   "by   the   amount 
of  v.'ater   necessary  t  o  he   evaporated    to   obtain 
the  desired  huirJdit;-,      and.    in      the  design  shovv-n 
in  the   follovang  pages   the  main  idea   is  to  get 
the  moisture   into   the    atmosphere   without   first 
condensing   it    ard    in      this  v/ay  retain   the 
heat   that  vfould   he   necessary  to   evaporate   the 
moiotvii-e    from  the   liouid   state. 


-58- 


PAET    FOUR. 
The    tanount   of   heat   necessary  to   eTap- 
orate  the  water   to  moisten  the  air  is   the   item 
that  makes    the   economy  of  humidif ication  a^ues- 
tiona"ble.      As  was   shov.-n,    the   latent  heat    of    evap- 
ori2,ci-;icn  of  water    at    95°    is   1054.4  B.t.u.    per 
I'b.    of   water,    or,    in  other  words,    it   takes   1034.4 
E.t.u.    to   evaporate   1   Ih.    of  v/ater   at    a   temper- 
ature   of   95°.      If  then,    we  can  get   away   from  this 
item  of    changing   the  water   into   va',  or,    'ohe   econ- 
omy,   through  humidif  ication,    is   assured.      Vi^it  h 
this,  idea   in  Tievr,    the   apparatus    shown   on   the 
following  page  was    designed    and    constructed.      The 
principal  feature    of   tliis  humidifier    is    the 
moistening   of   the    air  "oy   taking   the  moisture   di- 
rect   from  the    steam  in   the    radiator.      It   consists 
of   a  pan  A   ou  hold    the   condensed    steam,    a   float 
B  xo   autom.atically  closDe    the   valve    at   C,    and   a 
steam  passage  D  from   the  radiator.      I^  construct- 
ing the    apparatus,    it  v;as   the    intention  to  make 
it   v/ith   the  view  of  getting   the   action  of  the 
valve,    and   to    find   out    if    the  general   idea  \7ere 

of  value,   and.    the   pan,    as  mad«,   was     merely  to 
-59- 


-63- 


hold    a   sufficient    araount    of  v^tter  to    float    the 

valve.      i        size   and    capacity  shov/n  is   not   that 

Ti^hich  would  iDe   necessary  for   a  humidifier   in 

practice.      The  method   of  operation   is    as   follows: 

The    steam  enters  the   passa^-e  D   from   a  hole  tapped 

in   the  radiator    at   S.      This  hole  may   he   tapped    in 

any  place   in    ohe    end   of  the   radiator.      In  marry 

> 
cases   there    is    already  a  hole   tapped   in,    filled 

in  v/ith  a  plug,    and   this  may  he  utilized   hy  mak- 
ing   suitable    conneccions.      The   steam  passes 
through  D   and  into      the  valve   C,      As    it   passes 
through  D,   p^rt    of   the   steam  is    condensed,    aM 
the    steam  and   water  pass    out    through  the  valve   C 
the   v/ater   running  over   the   float    S  into    the  pan 
A.      The  moisture   in  the    steam  passes   directly   into 
the    air,    and^    in   this  manner   does   not    taJce  up    an 
amount    of  heat    equal   to   the  lat.-:nt  heat    of   evap- 
oration.     On   each  side   of   the  valve,    extending  up 
over  the   staj's,    ar^d   dipping   down  into  the  water   in 
the  pan,    is    a   cloth   v/ick  to   draw  the  wat^r  up   ard 
aid   in  the  moistening   of   the   air  hy  evaporation, 
^"hen  the  water  gets    to    a  definite   level    in  the   pan, 


the   float   S   raises,    and  the  valve   C    is    closed 
automatically.      V/lien  diiough  v/ater  has   been  evap- 
orated  from,  the  vvaclcs    ■;:o    lower  tlie   f  lo  yt ,    the 
valve   C    agi,in   orens    and  v.'ater-and   steaia  pass 
out    and    ovex'  the  float. 

In  operation,   hov;ever,   it  v^as    found 
that    the  valve   C    required   very  fine   adjustment 
in  order   to   work  >roperly.      If    its   seat  was   the 
least   hit    out    of   line,    or   the    spindle   of    the 
valve   had   a  bearing   on   one   side   it    ■..ould    stick, 
and    the  valve  v/ould  not    close  properly.      The 
seat  vrould  have    to   be     made   absolutely  rigid, 
and   the   construction   of  the  apparatus    as    a  whole 
would   necessitate    a  high  degree   of  mechanical 
skill.      Considering  the  conditions    in   a  household 
under  v;hich  a  humidifier  must   operate,    it    was 
quickly  seen  that    this    tjT'e  was    not    practical. 
A  humidifier,   to  be    a   success,   must    require   little 
if   any  cars,    and  with  the    apparatus    as   described 
above,    io    requii-es   very  little   imagination  to    see 
that    it    v/ould  be    out    of    comjuission  a   greater 
part    of   the  time.    If   a  valve   c  an  be   designed    to 


work  regulc;rl7,    ^n^-    is    simple   of  construction, 
the  aToove   form  would   te    sufficient    and    econoiiical. 

Experiments  v/ere  made    in  order  to   see 
if   it    would   Toe    possible   to   h.umidif;,'-  by  means   of 
an   apparatus    somewhat    siniiar   in  form  to   the   one 
shown  on  the    following  Pfe«ge.      T-t'-^^    is    an   appara- 
tus  for  heating  v/ater  by   running    steam  into   it. 
Ordinarily,    when   steam  is   run   into  water,    there 
is    a   lo-id  cracking   and   bubbling  sound,    but  with 
this   device    the    noise    is    eliminated.      The  prin- 
ciple   is    as    follows:      The    steam  enters   thj-ough 
the  passage  A,    and    in  passing    through  B  sucks    in 
water  through  the    holes   C.      The  water   and    stetm 
together  pass    out    into    the  vessel  P  tlirough  the 
nozzle  2.      The    action  of   the  water    on  the    sides 
of  the   nozzle   seem.s   to  eliminate   a  great    deal    of 
the   friction,    and   the   steam  enters   the  water  with 
very  little   noise.      If  this   sam.e   principle   could 
be    applied    to    air,    it  -'ould  be    a  simple  matter  to 
hvmidify  the    air  by   adir^itting   steam,   direct    into 
it    from  the    radiator.      The   objection   to  doing   this 
is    the    noise   of   the   escaping    ste^m,    an5.    the  scatter- 
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cf   particles    of  v/ater   in  the  vicinity   of   the 
nozzle.      EovTever,    this    form  vifhen   used    in   air 
does    not    eliminate  the    noise,  hut   hy  varying 
the    size    and    shape   of   the   nozzle,    and   the    size 
and    numher.of  the   openings   for  the  water   to  pass 
through,    a   device  iri.ight   he  made  which  v/ould   he    as 
satisfactory  for    air   as    the   one    on  the  previous 
page   is   for   vrater.      Tine,    however,    did    not    permit 
the  T.'r iter  to  design  and   construct    a  nozzls   of 
this    kind.      If   a  nozzle    of    this   land    can  he  made 
to    eliminate   the    noise,    there  vrill   still   he   the 
feature   of   the    scattering    of  water  particles   to 
te   done    away  with.      The   device  must   te  made   so 
that   the  vrater  v^'ill   drain  hach  into   the   radiator 
or  go  to    a  -v/aota   v:ip£ .       \;i  account    of    the  preosiJ/re 
in   th.'b;  radiator    it   ■./o-,ild  hardly  h.^  ijractical  to 
figiire   on  retiirning    it    there   under  a   pressure  head 
of  water,    as   v;ith  a  pressure   of   from  3    to   5   Ihs  •    a 
head   of  from  4   to    5   f t .    woiild  he   necessary.      There 
is    also    to   he    considered   the   f  ^ct    that  m^any  times 
vrhen  a   radiitor  is    shut   off   it    fills  up  v/ithr/ater, 
and   when  the   steam  v;as   turned   on  again   it   would 
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tend   to   sh.oot    the  v/ater   out    through  the 
hiffiiidi-^ier.      As    b^  vrhole   it    offers    en   in- 
teresting  proolem  to    an^^'one   of   an  imrent- 
ive   nature,   and    it    is   not  without  the 
possi'bilit'/   of    satisfactorv  solution. 
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SU]>fl,([ARy. 

As    a   short    sLTimu^rr  cf  tr.e  conclusicrib 
thcit  j'Hy   o-i  dr-ri-.Tn  from  the   experiments   perfomed, 
it  ma;r  "be   said  tht't    first   of    all  the  humidifier, 
to    "be   satisfactory,   must    be  made    to   operate    /ith 
little   or   no    attention.      This   eliminates,      at    once, 
any  apparatus  that   does    not   vrork  automatically^. 
Any  luimidifier  that   depends   for   its    operation  on 
a   contin'ial    refillin,"^   cannot  he    considered   en- 
tirely satisfactory-. 

In  order   to   operate   vith   hxvj  savin-'   of 
fual,    a  humiidifier  operating   on   the  has  is    of    the 
evaporation   of  water   for  the  mcisterln:T   of  the   air, 
must   he    in  use    only  v/lien   the   outside    tem-oeratt-re 
is   ahove  30°   T.      It  has    also    oesn  ?^':'-0-^-;:r<.  that    the 
}.-;::;iidifi  srs    on    the  marl-cet    do   not    evaporate   enough 
water   to  moisten  the   air  in  a   room  to    a   s^^fficient 
degree,      and    ari  practically  vjorthless  . 

^Finally,  a  method  of  humidif icat ion  is 
proposed,  which  v:ill  require  a  great  deal  of  ex- 
perimental v.-orx    Defore   a    successful   desin-n  can  he 
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made.      I-IcY:eYsr,    it   opens  up    an   interesting   field, 
and   it    ij^  hoped   th.t.t    -.-,noth?r  y^-'---'^   this   idea  may 
Toe  carried   throni^hto   a    successful  ciiliTiinat  ion. 
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